Hypertension is now a well recognized risk factor for vascular disease, with a continuum of increasing risk in mortality and morbidity from increasing levels of blood pressure. However, as most ofthe risk attributable to hypertension arises from those with 'mild' hypertension, a high-risk strategy -however successful-would be unable to influence this large proportion of death and morbidity. Also, pharmacological control of mild hypertension is unattractive because of considerations of the uncertain trial evidence for drug therapy, side effects in long-term treatment of individuals at low risk \ and the economic costs of treating masses of people. Thus, there is a need for non-pharmacological measures to control mild hypertension. Proposed non-pharmacological measures include weight reduction, stress management and relaxation and dietary change. Though salt reduction is the most commonly proposed dietary measure, there is scant evidence ofits efficacy". More recently, the possible role of dietary fat in reducing blood pressure has received some attention. This review examines the evidence for and implications of such a claim.
Epidemiology
Interest in diet arose primarily because epidemiological evidence shows marked dietary differences between populations with differing prevalences of hypertension. The evidence implicating fat intake as a determinant of blood pressure comes mainly from two sources, the first being the reported positive association between serum cholesterol levels and blood pressure in cross-sectional atudiesv". However, further probing of this association reveals inconsistent findings. Despite serum cholesterol levels in population studies being correlated with the proportion of dietary calories from fat, and the evidence that saturated fats appear to be the main dietary component for this relationship, Nichols et al.S found no relationship between serum cholesterol and the quality, quantity or proportions of fat consumed. More recently, McCarron et ai. 6 found no difference in cholesterol intake between hypertensive and normotensive individuals.
Secondly, more important and fruitful evidence comes from documented differences in blood pressure between vegetarians and omnivores. Before examining this body of literature, the reader should be aware of the many difficulties and potential pitfalls which bedevil this field of study. The difficulties of accurately determining average individual blood pressure 7 due to problems of measurement and the effects of familiarization 8 , though well documented, are not always heeded. There are many problems in accurately assessing dietary intakes and bioavailable nutrients, including the failure to consider the limitations of different methods of assessment, failure to consider the possibility of nutrient interactions or that an association with one component may mask a contrary association with another component. The covariability of many nutrients hinders the attribution of changes in blood pressure to changes of the nutrient in question. Changes in bioavailability of othercomponents when the component in question is altered, is also possible. Interpretation of findings is hampered by failure to control or document changes in confounding factors. Statistical faults include failure to have adequate sample sizes and the use of correlation analysis between 24-hour dietary records (which characterize group intake) and individual blood pressures.
In 1962, Donaldson reported that the mean blood pressure of vegetarian college students increased significantly within two weeks of adding meat to their diet 9 • Several cross-sectional studies have since found lower blood pressures in vegetarian religious groups!". The possibility of selection bias and confounding by various social characteristics prompted Rouse et al. II to compare Seventh-Day Adventists (the majority of whom are strict vegetarians) with Mormons (another religious group which also prohibits alcohol and tobacco, avoids tea and coffee and is deeply religious, but consumes a typical omnivorous diet). Lower blood pressures were found in the vegetarian religious group. This difference has also been established in non-religious vegetarian groupsv", Other corroborative evidence comes from cross-sectional studies documenting a greater consumption of animal products in high blood pressure regions of various countriesJ·IJ.14. However, some studies have found no such associaticn!". Because these studies have been of a cross-sectional nature, they can provide evidence which is only suggestive of a cause and effect relationship. Therefore, the strongest piece of evidence comes from the recent carefully designed randomized crossover trial, with a control group, of the effect of a vegetarian diet on blood pressure in normotensive volunteers!". Mean blood pressure fell only in the experimental groups during the vegetarian diet, subsequently rising on resumption of their omnivorous diet. This could not be explained by changes in weight or sodium intake.
Two strategies have been pursued in order to identify how a vegetarian diet lowers blood pressure. The 'biochemical' approach of comparing blood pressure control mechanisms in vegetarians and omnivores, and then inferring dietary components likely to account for the observed difference, has been unenlightening. The more productive 'dietary' approach has involved a detailed assessment of the components of the diet and, on the basis of available knowledge, prediction of the most likely causal 0141.0768/87/ 040225-04/$02.00/0 C> 1987
The Royal Society of Medicine component. Virtually all vegetarian diets are characterized by a high intake of whole-grain cereals, vegetables, fruit and vegetable oils, the infrequent consumption of meat, fish or poultry, but moderate use of eggs and dairy products 11. In general, a vegetarian diet provides more fibre, polyunsaturated fat, potassium, magnesium, vitamin C, vitamin E and less saturated fat, cholesterol, protein and vitamin Bl2' though similar amounts of energy, total carbohydrate, sodium and calcium II.
Groen et al. I 0 reported a significantly lower prevalence of diastolic hypertension in vegetarian Trappist monks, who were heavier, older and drank more alcohol than omnivorous Benedictine monks. Although both groups of monks consumed similar levels of fat, the Trappist monks took a greater proportion of it as vegetable fat. Using the statistical technique of 'principal component analysis', Rouse et al.'" reported that changes in intake of three (out of seventeen assessed) components of a vegetarian diet -polyunsaturated fat, dietary fibre and proteinwere large enough to be theoretically responsible for the lower blood pressure observed during a randomized crossover trial of a vegetarian diet.
Trial evidence
From this approach has emerged the intervention study, where the aim is to observe the effects on blood pressure of changes in dietary fat. Unfortunately, there are great hurdles in carrying out single nutrient interventions or changing the intake of one type of food without influencing the intake of other components or energy -the ubiquitous problem in this field of covariability. Hence, a common error is for complex dietary changes to be presented as evidence for the blood pressure changing effect of a single nutrient I 8 • 19 • The problems of conducting a doubleblind study are formidable; there appear to be only two studies that have attempted this design, and these will be discussed later 2o • 2 1 • Nevertheless,ithey do provide the most direct kind of information upon which evidence is based for the hypertensive role of polyunsaturated fatty acids. It is worth posing three basic questions in assessing these studies. Are the reported changes in blood pressure real or due to deficiencies of study design? If real, are they due to dietary changes or to coincidental changes in other habits? If changes are due to the altered diet, is the dietary constituent in question responsible?
The study by Iacono et al.19 was designed to reduce blood cholesterol levels by increasing the ratio of polyunsaturated to saturated fats (PIS ratio). Twenty-one male and female normotensive volunteers were fed diets containing first 25%, and then 35% of the kilojoules as fat, with a PIS ratio of one. The estimated five-fold increase in the PIS ratio was achieved by increasing linoleic acid intake. At the end of each 40-daydiet period, systolic blood pressure decreased significantly compared to pretreatment values, whereas diastolic blood pressure decreased in the first period and increased in the second. Unfortunately, there were no control subjects, so changes in blood pressure may have been due to familiarization and placebo effects. Observer bias was possible, as well as bias from the unspecified interval between the end of the diet periods and subsequent blood pressure measurements. Subjects were requested to abstain from alcohol during the diet periods, so that resumption of alcohol consumption may have contributed to the blood pressure rise at the later follow ups.
Assuming that blood pressure did indeed fall because of dietary alteration, constituents other than fat also changed -fibre, potassium and carbohydrate.
Vergroesen et al. 2 2 increased dietary linoleic acid in 8 subjects with borderline hypertension in order to assess whether an increase in this precursor of prostaglandin synthesis would lower blood pressure. The authors attributed the significant fall in diastolic blood pressure in the four-week dietary period to a moderate increase in dietary linoleic acid. This conclusion was reached in spite of the fact that the authors could only find a 1.7% increase in 'objectively determined' linoleic acid absorption. Also, this study had similar design faults to those in the Iacono study!" referred to above.
Rao et al. 2 0 examined the effects of increased dietary polyunsaturated fats in 24 patients with hypertension. Three groups of 8 subjects were given capsules containing placebo, refined ground nut oil (20--28% polyunsaturated fat) or sunflower oil (70--75% polyunsaturated fat). The trial was conducted on a double-blind basis with adequate pretreatment measures of blood pressure to allow for regression to the mean effects, and regular blood pressure measurements were taken. Both groups on oil supplements showed significant falls in diastolic pressures, but only after the values on treatment had been adjusted by covariance for initial values. Problems included the small number in each group and the apparent blood pressure lowering effect of two oil supplements dissimilar in polyunsaturated fat content. The authors explained this phenomenon as representing a threshold response to low doses of linoleic acid in individuals whose diet normally contained little of this substance.
Puska et al. l s recently reported on a carefully designed randomized crossover trial, with a control group, of increasing the PIS ratio by reducing the intake of saturated fat without any alteration in the intake of polyunsaturated fat. They found significant falls in both systolic and diastolic blood pressures during the intervention period. The fall was greater among hypertensive than among normotensive subjects. The blood pressure rose during the switch-back. Although the authors conceded that the component of the experimental diet could not be precisely identified, they singled out the PIS ratio as being responsible for the hypotensive effect. The basis of this conclusion rested on the fact that the greatest change occurred with this component and that the changes in dietary fibre, potassium, magnesium and vitamin C were not significant nor consistent over the trial period. There were certainly no changes in sodium intake or weight.
Sacks et al. 2 3 found no change in blood pressure on feeding normotensive subjects a vegetarian diet which provided less protein and cholesterol but more saturated fat than an omnivorous diet (nor with any alteration in polyunsaturated fat intake). In subsequent studies they found no effect on blood pressure by changing protein intake but did note a hypotensive effect on increasing the PISratio!".
The evidence so far, though open to doubt, is suggestive of a high PIS ratio diet possessing a hypotensive effect. However, Margetts et al." appear to cast doubt on this association by finding no change in blood pressure with a high PISratio diet (achieved by changes in intake of both polyunsaturated and satur-ated fat, whilst holding total fat intake constant), in a carefully designed, randomized trial. This lack of effect on blood pressure occurred in the face of significant changes in fatty acid composition of several body tissues (plasma linoleic acid levels and linoleic acid in buccal mucosal phospholipids). A constant intake of other nutrients was maintained in a doubleblind, crossover design, achieved by placing all subjects on a low fat diet to which fixed amounts of either high or low PIS fats were added in the form of spread on bread and specially prepared cookies. The discrepancy in the findings between previous studies and this one may be due to differences in blindness; previous studies have not been double-blind, with the exception of one mentioned above (with its attendant problems 20) . The dietary modification of the types of fatty acids may have been important, but the PIS ratio was increased by reduction in saturated fat intake and/or elevation of polyunsaturated fat intake, as in previous studies. Possibly the background of other factors may have an influence: Finns (in whom many of the previous studies have been conducted) have higher cholesterol levels and intakes (and heart disease) than Australians (in whom this study was performed). Nevertheless, these findings do not exclude the possibility of a hypotensive effect by changes in total fat or polyunsaturated fats in combination with other dietary components, though a 'combination hypothesis' would be extremely difficult to test.
Animal evidence
Animal studies, which may provide corroborative evidence, have also been sparked off by epidemiological evidence of the possible role of dietary fat in determining blood pressure. Several studies using rats with spontaneous hypertension have, in the main, produced consistent data; diets containing high levels of polyunsaturated fat induce a hypotensive effect, whereas high levels of saturated fat elevate blood pressurej". Because a major criticism of some of these studies was that fats with differing chain lengths were compared, studies subsequently performed suggested that the degree of saturation when chain length was kept constant was the key factor. In particular, linoleic acid has been implicated as a key hypotensive agent, possibly by impairing the synthesis of renal prostaglandins involved in blood pressure regulatiorr'". That the administration of prostaglandin E (PGE) to animals could reduce blood pressure was demonstrated by Bergstrom'", who had previously shown that PGE was derived from arachidonic acid?". In turn, rabbits infused with arachidonate had a dose-dependent decrease in blood pressure'". It is thought that dietary linoleic acid is converted to arachidonic acid, which is then transformed to prostaglandins. Thus diets high in polyunsaturated fats (and linoleic acid) should result in higher levels of prostaglandins in the tissues of these subjects than those on low polyunsaturated fat diets, though how prostaglandins influence blood pressure is not clear.
The future
Although much evidence supports the role of polyunsaturated fat in determining blood pressure, the case is still not clear and far from proven. The conclusions from most of the studies cited are open to other interpretations and the recent study finding no such Journal ofthe Royal Society of Medicine Volume 80 Aprill987 227 link 2 1 is an awkward spanner in the working of the hypothesis (based on a single agent). Intuitively, it does appear unlikely that a simple correlation between polyunsaturated fat or PIS ratio and blood pressure will emerge, given the complexity offood. It also seems improbable that polyunsaturated fats and saturated fats are homogenous groups with regard to their effects on blood pressure. The likelihood of food interactions clearly cannot be dismissed.
The main priority now in this field must be the clarification of the role of polyunsaturated fats (and PIS ratio) in lowering blood pressure. It is unlikely that further studies with a vegetarian diet per se will help resolve this issue. What is required are carefully designed experiments (paying attention to the pitfalls mentioned) which investigate the effects on blood pressure of changes of one or a few of the most likely components of fats. In these attempts, a number of questions require examination. Is any reduction in blood pressure related mainly to the intake of essential fatty acids and, if so, which? Does a reduction in saturated fat intake lower blood pressure and, if so, which fatty acids are important? Or is the fall in blood pressure due to a raised PIS ratio per se and, if so, what is the optimum ratio? What is the operative range of any hypertensive effect of the responsible fats -are similar effects produced at high and low blood pressures? Is any hypotensive effect maintained beyond the usual six to eight week intervention period of trials? What is the degree of blood pressure reduction achieved with time? If fats alone are not responsible, do they interact with other components to influence blood pressure, and what are they? The answers to these questions would provide firmer evidence on which to base judgments about the relationship between dietary fat and blood pressure, as well as guidance on any consequent practice.
Although the presumed influence of dietary fat on blood pressure is small 18 , it is of an order to have a considerable impact on public health". The realistic achievements of current antihypertensive treatment might be equalled by a 2-3 mmHg downward displacement of the diastolic blood pressure distribution of the population", Thus, the elucidation of the role of dietary fat (alone or in combination) in lowering blood pressure, if realized, opens a potential door to lowering the blood pressure distribution of the population, as well as providing a replacement or supplement to conventional drug treatment of hypertension.
